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Abstract 
Continued development of infrastructure in Slovakia will open new sections of motorways and expressways. The motorwayy D1 
from Bratislava to Košice is being built in section Lietavská Lúþka - VišĖové - Dubna Skala. The knowledge of geology has 
acceded to the engineering geological (EG) survey, which is also considered a static penetration test with piezocones. Department 
of Geotechnics University of Žilina on a given section made of static penetration probe with measurement of pore pressures. This 
article deals with vertical and horizontal consolidation calculated from static penetration test (CPTu) in the locality Lietavská Lúþka 
Žilina west portal of the tunnel and the tunnel VišĖové. 
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1. Introduction  
Nowadays, when the Slovak Republic are building new infrastructure lines - highways, expressways and modernize 
the railways, it is important to prepare quality but also a time-saving and cost-effective engineering geological survey, 
[1]. The engineering geological survey combined direct and indirect methods of investigation. When conventional 
method by using core drilling with sampling for laboratory analysis, then it can be received only point’s information 
from different depths. To have a better density of data and statistical possibility, then higher amount of laboratory 
samples is required. At this case, the laboratory tests are time consuming and it is not convenient from economy of 
survey works. Large amount of samples can be affected by the treatment and longer time for waiting analysis. 
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Therefore, more preferred and more appropriate is now in-situ geotechnical testing. When conditions are various, 
gravel, sand and mixed layers, dynamic penetration tests are convenient. When soft soils of high degree of saturation 
are presented in profile then static cone penetration tests can replace conventional methods of investigation [2, 3, 4]. 
The advantage of static penetration test CPT - (Cone Penetration Test) is a continuous and reliable way of 
determining the parameters of soils penetrated directly, where the soil has a natural intact conditions, stress and 
moisture content and is not affected by drilling and sampling. 
2. Advantage of CPTu testing 
The principle of CPT testing is pushing down penetration cone by set of steel bars and measuring tip resistance at the 
exploration of the environment at a constant speed of 20 mm.s-1. Resistance values of the point of friction on the lateral 
surface and pore pressure are obtained by continuous recording during probing. Resistance that puts soil at the tip of 
the probe against the penetration of its penetration into the soil is a measure of soil. Shifting the total resistance of the 
system qt then involves the resistance of the tapered tip and qc of local skin friction on the sleeve fs. Piezocone has 
possibility to simultaneously measured pore pressures u1 (measurement at the tip) or u2 (measuring at sleeve part), 
Fig.1. 
 
 
Fig. 1 Principle of cone resistance measurement, [10]. 
 
The CPT test results are normally recorded electronically and are reputed to be more reliable for stratigraphic 
characterization and in situ soil properties determination than SPT.  There are several variants of the basic cone 
penetrometer.  Three of these are the piezocone (CPTu), seismic cone (SCPT) and the vision cone (VisCPT or 
VisCPTu), [3, 7].  Cone penetration testing is an indirect method and it is recommended for engineering geological 
survey combined with core drilling methods for evaluating soil profile. 
3. Testing area 
By geomorphology classification we include examined territory in Fatra-Tatra region, with almost all the 
investigated route extends to the whole of Žilina Basin, respectively. the western part of the sub-unit in Zilina Hills. 
Wider area, within the meaning of engineering Slovak regions ranked in the following regions and areas: 
- Core Mountains region with areas of high core mountains (Mala Fatra) and crystalline core mountains 
(Strážovská highlands). 
- Regional tectonic depression - the area of inter mountain basins of tectonic origin (Žilina Basin). 
Rated territory highways, as part of Žilina Basin is built rock Podtatranská units Central Carpathian Paleogene, 
by strata of sandstone- claystones with the occurrence of basal conglomerate rock strata in the southern suburb 
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of the basin. Complex rock sandstone-claystones and basal strata has been validated survey work between 
1996 and 1999 nearly all of the monitored section of the motorway route except in the section km 2.810 to 
2.975, where the outlet surface dolomites and limestone’s of Choþ Nappe. The sandstone-strata occur 
claystones powerful position claystone, sand and claystone shale, or, calcareous claystone (near the complex 
Mesozoic rocks). Claystone position round to the silty claystones and siltstones and are layered sandstone and 
improvements. Basal Paleogene strata is made up of a patchwork, limestone, sandstone and breccia zone and 
to the D1 motorway corridor does not directly, [5]. 
Mentioned rocks are mostly covered with mulch Quaternary sediments represented by the following lithological 
complex 
- Deluvial complex is assessed area most widening of slope sediments and is represented by loams, clays 
and debris. Developed in particular on the slopes and foothills, small power and to a lesser extent also 
in the top part. Within the complex, based on lithological similarities material earmarks landslide 
colluvium; 
- Is a complex fluvial valley fill consisting of clay, clays and pebble sediments with the occurrence of 
organic soils in the Holocene clayey sediments; 
- Proluvial complex consists of clays, pebble and detrital sediments occurrence proluvial sediments in the 
area unique. 
Important part of motorway construction preparation takes during execution of EG survey works geotechnical 
monitoring, which is provided at places of possible slope deformation [6], and at places of high pore pressure [10], 
where can be a problem with foundations and piles design, [11,12]. 
4. CPTu results  
 Department of Geotechnics University of Žilina was invited to the expert examination of the deformation properties 
of the rock environment in the D1 motorway Lietavská Lúþka - VišĖové CPTu probing, along with their recovery. A 
total of 27 wells completed static penetration CPTu review, see 166 meters of length, with the measurement of core 
pressure dissipation and appreciation for Another screening assessment. Penetration probe task was to review the EG 
ratios with reduced load capacity i.e. well penetrated geological profile and provide additional data for the EG 
assessment of the site. Implementation sounding complicated adverse weather conditions, Fig. 2. 
 
 
Fig. 2. Realisation of tests. 
4.1 Derived consolidation parameters 
For consolidation parameters deriving it was used theory of half time consolidation [3] state according to (1). 
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The values of the coefficient of vertical consolidation of soil layers were calculated from equation (1) based on the 
obtained time t50 - 50% of the spreading pore pressure from initial steady state u0, Fig. 3. Tip radius r0 in place of the 
porous ring was 17.8 mm. The coefficient of horizontal consolidation [1, 10] was used calculated according to the 
relationship (2): 
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Fig. 3. Dissipation test at certain depth of probing. 
The results of calculated consolidation parameters are presented in Tab. 1.  There has been done in previous stage of 
geological investigations few laboratory tests of one-dimensional consolidation in oedometer with time consolidation 
progress measurement. Comparing these laboratories values of vertical coefficient of consolidations with CPTu 
dissipation test derived values, in-situ values are higher about 10 - 20%, which is more optimistic for design of 
consolidations treatment under high embankment of future motorway.  
 
     Tab. 1. Derived parameters of consolidation from CPTu tests. 
Probe Depth cv [mm2.s-1] ch [mm2.s-1] 
CPTu-4 3.77 0.975 0.391 
CPTu-5A 3.00 0.282 0.113 
CPTu-5A 5.52 0.294 0.118 
CPTu-6A 3.00 0.488 0.196 
CPTu-6 2.67 0.149 0.060 
CPTu-6 4.70 0.147 0.059 
CPTu-8 3.68 0.525 0.211 
CPTu-9 5.00 1.040 0.418 
CPTu-6A 5.20 0.425 0.170 
CPTu-10 2.77 0.194 0.078 
CPTu-13 4.08 0.177 0.071 
CPTu-14 2.60 0.216 0.087 
CPTu-15 3.64 0.137 0.055 
CPTu-16 3.66 0.180 0.072 
CPTu-20A 3.02 0.216 0.087 
CPTu-20A 6.52 1.452 0.583 
5. Conclusions 
Based on realized CPTu dissipation tests, it was confirmed that laboratory tests even in high amount of soil samples 
are not operative and can caused different results when sampling was not done properly, or soil sample is not handling 
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and storing properly before execution of laboratory analysis. More favourable results were received in evaluation of 
the conditions of soft quaternary and paleogene sediments, based on provided dissipation tests at model locality of 
future motorway.  
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